Introduction
The Japanese quail (Coturnix japonica) is used both for egg production in Japan and as a model animal for research purposes. The Japanese quail has several advantages when compared with chickens: a faster growth rate, shorter hatching time, higher rate of egg production, and greater resistance to diseases (Wilson et al., 1961; Sadjadi and Becker, 1980) . The commercial applications of the Japanese quail mean that egg production, egg quality, and hatchability are the traits of major economic importance.
Lysozyme (EC 3. 2. 1. 17) is found in birds, mammals, plants, insects, and bacteria (Newman et al., 1974) . Lysozyme is one of the best characterized antimicrobial proteins in albumen, and comprises approximately 3.5% of the protein in egg white. Lysozyme exhibits an antibacterial activity against gram positive bacteria and some gram negative bacteria (Burley and Vadehra, 1989; Pellegrini et al., 1992; Ibrahim et al., 2002; Bera et al., 2005) . The antibacterial properties of lysozyme are utilized widely in food manufacturing, cosmetics, pharmaceuticals, and human and veterinary medicine (Rzedzicki and Stępień-Pyśniak, 2009; Mastromatteo et al., 2010; Sung et al., 2011) .
In Japanese quail, three phenotypes for egg white lysozyme were identified by Acid-PAGE technique (Baker and Manwell, 1967) . These phenotypes were produced by two alleles (S and F) of the lysozyme (Lyz) gene. In our previous study, two alleles were shown to be generated by the substitution of a glutamine (Q) to lysine (K) at residue 21 of mature lysozyme (Q21K). Additionally, we showed that the allozyme of egg white lysozyme that underlies the F phenotype was more effective against bacteria than the S phenotype, whereas the female-derived S phenotype led to improved hatchability. Therefore, both of the phenotypes of lysozyme appear to be necessary for the preservation and further improvement of Japanese quail.
To date, allele frequency of the egg white lysozyme in Japanese quails have been reported that the S allele has higher frequencies than F in populations in Edinburgh and Great Haye (Baker and Manwell, 1967) and three populations in France (Lucotte and Kaminski, 1978) . There is no report in Japanese populations. The present study aimed to investigate the allele frequencies of the egg white lysozyme in various Japanese quail populations from difference places in Japan and compared with Japanese quail populations in France.
Materials and Methods

Japanese Quail Populations
In this study, we used 22 Japanese quail populations in Japan and five populations from France, which came from different origins. In 22 Japanese populations, the dotted, Kakin, albino and wild lines were provided from National Institute of Livestock and Grassland Science (NILGS) (Tsukuba, Ibaraki, Japan); the CJ, B, WW and brown lines from Aichi Agricultural Research Center (Nagakute, Aichi, Japan); the AMRP, LW, RW, TKP and Quv lines from Avian Bioscience Research Center (ABRC), Nagoya University (Nagoya, Aichi, Japan); five commercial populations from Toyohashi Yojun Agricultural Cooperative Assoc., Kofuku Uzura Sangyo K. K. and Takabayashi Farm, Y. K. (Toyohashi, Aichi, Japan); Sanshu Keiran, K. K. (Kagoshima, Kagoshima, Japan) and Ikehata Uzura En Limited Company (Tamana, Kumamoto, Japan); a random bred line of the KU population maintained at Kagoshima University; the LL and SS lines, a random-bred line (RR) that is a control for the LL and SS lines (Okamoto et al., 1989) . In five French populations, the French heavy line K (Minvielle et al., 1999a) , the medium size lines AA and EE selected on early egg production (Minvielle et al., 2000) and two other commercial lines (the egg laying line A and the broiler line C) were provided from Dr. F. Minvielle of institut national de la recherche agronomique (INRA) (Jouy-en-Josas, France).
Samples
A total of 981 eggs and 339 blood samples were taken from 22 Japanese quail populations in Japan. In five INRA populations, 102 genomic DNAs were used. Sample size of Myint et al.: Table 1 . The eggs were opened and egg white samples were collected and kept at −20℃ until use. The blood samples were used for genomic DNA extraction. Genomic DNAs were extracted by a conventional method and kept at −20℃ until use. Genotyping Acid-PAGE was used for genotyping of egg white samples and mismatch PCR-RFLP was used for genotyping of genomic DNA samples. Acid-PAGE was performed according to Reisfeld et al. (1962) . Egg white was diluted with an equal volume of 2 × sampling buffer (0.28 ml of acetic acid, 6.64 ml of glycerol, and 9.68 ml of distilled water). The samples were electrophoresed through a 20% acid-polyacrylamide gel at 40 mA for 6 h at 4℃. After electrophoresis, the gel was stained with 0.125% (w/v) Coomassie Brilliant Blue R-250 (CBB; Nacalai Tesque, Inc, Kyoto, Japan) in water: methanol: acetic acid (53:40:7), and then destained in water: methanol: acetic acid (65:25:10).
Mismatch PCR-RFLP primers were designed on the basis of the nucleotide sequence of exon 1 and intron 1 of the Lyz gene from Japanese quail using the Primer 3 software. The primers (forward: 5′ -GCA GTC CCG CTG TGT GTA CGA CAC T-3′ , reverse: 5′ -CTT ACA GTT TCC CAG GCT GTA AAG CT-3′ ) were used to amplify 174 bp fragments of the Lyz gene from Japanese quail. Amplification by PCR was carried out in a total volume of 8 μl, which contained 10 ng of genomic DNA, 10 pM of each primer, 2 mM 10 × Ex Taq TM buffer, 200 μM dNTPs, and 0.1 U of Ex Taq TM (TaKaRa). The cycling conditions were as follows: an initial denaturation at 94℃ for 3 min; 32 cycles of 30 s at 94℃, 30 s at 61℃, and 40 s at 72℃; and a final extension at 72℃ for 7 min. The PCR products were digested at 37℃ overnight with 3 U of the restriction enzyme HindIII (Fermentas, Burlington, Canada). After digestion, the restriction fragments were resolved on a 10% polyacrylamide gel in 1 × TBE and visualized by staining with 20 μg/ml ethidium bromide solution. We calculated allele frequencies from genotype data using the direct counting method and used the Yates' Chi-square (χ 2 ) approximation to test Hardy Weinberg equilibrium (HWE) at a lysozyme locus (Weir, 1996) .
Results
Phenotype of Egg White Lysozyme in Japanese Quail
In the present study, the three phenotypes of egg white lysozyme (F, FS and S) were determined by Acid-PAGE and mismatch PCR-RFLP methods. The electrophoretic pattern of Japanese quail lysozyme gene is shown in Figs. 1 and 2 . Three phenotypes (F, FS and S) were identified by Acid-PAGE analysis for egg white samples (Fig. 1) . Moreover, the difference in electrophoretic pattern of the Lyz gene was detected by using mismatch PCR-RFLP analysis. This analysis using 174 bp PCR product yielded three polymorphic patterns of lysozyme gene as genotypes FF (146 bp), SS (174 bp) and FS (combination of alleles S and F) (Fig. 2) . To confirm that the genotypes at the Q21K SNP corresponded to the electrophoretic phenotypes of egg white lysozyme from Japanese quail, we performed mismatch PCR-RFLP using genomic DNA samples from 10 Japanese quail females of each phenotype by Acid-PAGE. These results revealed that all the Q21K genotypes matched the phenotypes obtained by Acid-PAGE, without exception (data not shown).
Allele Distributions of Lysozyme Among Japanese Quail Populations
Lysozyme polymorphism was genotyped for 981 eggs and 441 blood samples from 22 Japanese quail populations. These results were shown in Table 1 . In 22 Japanese quail populations in Japan, Frequencies of the S and F alleles were 0.69-1.00 and 0.00-0.31, respectively. The S allele was a major allele in all populations and was fixed in five populations from Nagoya University and two populations from Kagoshima University. In five Japanese quail populations in France, the allele frequencies were 0.69-1.00 in S and 0.00-0.31 in F, which were as same as those of the Japanese populations. The S allele was fixed in the AA population.
The observed genotypes in the four populations showed statistically significant deviation from HWE (P＜0. 05) by Chi-square test. HWE deviations occurred in Kakin and Journal of Poultry Science, 49 (2) WW populations were due to deficit of heterozygote genotype, while those of EE and C populations were due to deficit of heterozygote genotype.
Discussion
In this study, we performed genotyping of the lysozyme locus in 27 Japanese quail populations from difference places in Japan and France. These results revealed that the S allele was a major allele in all populations examined here, supporting the previous studies in English and French populations (Baker and Manwell, 1967; Lucotte and Kaminski, 1978) . In addition, this finding is thought not to be inconsistent with our previous data that the egg white with the female-derived SS genotype showed higher hatchability than that of FF (92.5% in SS and 87.2% in FF) .
This locus was monomorphic in five populations from Nagoya University, two (LL and SS) from Kagoshima University and one (AA) from INRA. The Japanese quail populations from Nagoya University, Kagoshima University and INRA have been maintained as closed and small population. In addition, Mannen et al. (1993) reported that LL and SS populations had higher inbreeding coefficients than RR from DNA fingerprint patterns. Minvielle et al. (1999b) showed line AA had slightly higher inbreeding coefficients than EE. These findings suggest that small population size and inbreeding may lead to fixation or loss of the allele in these populations.
Genetic polymorphisms of the egg white lysozyme have been also found in another avian species. In chicken, the egg white lysozyme locus included two alleles (F and S) (Baker et al., 1970) . Genotyping of the egg white lysozyme revealed that the F allele is fixed in most of the chicken populations whereas the S allele was found only in Polish bantam and Indonesian native populations (Baker et al., 1970; Inafuku et al., 1998; Kinoshita et al., 2002; Myint et al., 2010) . In duck, the egg white lysozyme locus included three alleles (A, B and C) and appeared as six phenotypes with frequencies from 0.046 (C) to 0.364 (AB) (Prager and Wilson, 1971 ). However differences of physiological functions between these lysozyme alleles remain unclear.
In conclusion, we demonstrated that the two alleles of lysozyme were present in most of the Japanese quail populations in Japan and France. In our previous study, the allozyme of egg white lysozyme that underlies the F phenotype was more effective against bacteria than the S phenotype, whereas the female-derived S phenotype led to improved hatchability. Hatchability is a trait of major economic important in a bird because it has a strong effect on chick output. Antibacterial activity was important for food manufacturing, cosmetics, pharmaceuticals and human and veterinary medicine through bacteria inhibition (Rzedzicki and Stępień-Pyśniak, 2009; Mastromatteo et al., 2010; Sung et al., 2011) . Therefore, this study gave the information about the quail egg white lysozyme phenotype frequencies and both of two phenotypes should be maintained for preservation and further improvement of Japanese quail populations.
